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How Can These 
Materials Be Obtained? 




an activilv to Increase the accessibility of 
military devL'loped curriculum riUiluruls to 
voc.jlion^l and technical educators. 

This projc'ct, funded by the U.S. Office of 
Education, includes the identification and 
acquisition of curriculum materials in print 
form from the Coast Gu3rd> Air Force, 
Army, Marine Corps and Navy. 

Access to military curriculum materials is 
provided through a "Joint Memorandum of 
Understanding'' between the U.S. Office of 
Education and the Department of Defense. 

Jhe acquired matefiafsare reviewed by staff 
t'md subject matter specialists, and courses 
deemed applicable to vocational and tech- 
nical education are selected for dissemination. 

l^he National Cen. ,or Research in 
Vocational Education is the U.S* Office of 
Education s designated representative to 
Acquire the materials and conduct the prpject 
activities. 

Project Staff: 

Wesley E. Budke, Ph.D., Director 
National Center Clearinghouse 

Shirley A. Chase, Ph.D, 
Project Director 
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gufdes, stucknt workbooks and technical 
manuals. 
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sixteen vocational subject areas: 
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Public Service 



The number of courses and the subject areas 
represented will expand as additional mate- 
rials with application to vocational and 
technical education are Identified and selected 
for dissemination: 



Contact the Curriculum Coordination Center 
in your region for information on obtaining 
materials (e.g., availability and cost). They 
will respond to your request directly or refer 
you to an instructional materials agency 
closer to you. 
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OVERVIEW 

BASIC ELECTRICITY AND ELECTRONICS 
f^DULE 34 

Linear Integrated Circuits 



In this module you wit! study different types of integrated circuits. You 
will learn how these devices are constructed and what precautions must be • 
observed when working with them. You will study the base diagrams for many 
types of integrated circuits and examine data sheets that describe the input 
and output voltage requirements. You will learn about the characteristics 
and operation of IC operational amplifiers. You will examine troubleshooting 
procedures for testing these devices. 



This module has been divided into two lessons: 

Lesson 1 Introduction to Linear Integrated Circuits 
Lesson 2 IC Operational Amplifiers 
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OVERVIEW 
LESSON 1 



Introduction To Linear Integrated Circuits 



In this lesson you will learn about linear integrated circuits and their 
applications. You will learn about the specifications of these devices from 
data sheets, including packaging and lead identification methods. You will 
also become familiar with special handling precautions for integrated circuits. 

The learning objectives of this lesson are as follows: 

TERMINAL OBJECTIVE{S): 

34. L65 When the student completes this lesson (s)he will be able to 

IDENTIFY basic characteristics of linear integrated circuits 
to include definitions of terms, proper handling procedures, 
pin numbering systems and functions by selecting statements 
from a choice of four. 100% accuracy is required. 



ENABLING OBJECTIVES: 



When the student completes this lesson, (s}he will be able to: 

IDENTIFY the basic characteristics of a linear integrated 
circuit by choosing the correct set of characteristics 
from a choice of four. 100% accuracy is required. 

34.L65.2 IDENTIFY proper handling procedures for integrated circuits 
by choosing the correct statement from a choice of four. 
^ lOO^E accuracy .is required. 

34.1.65.3 IDENTIFY the set of integrated circuit (IC) packages that have 
have their. leads properly numbered, given IC package drawings, 
by choosing the correct drawing or pin number from a choice of 
four. 100% accuracy is required. 

34.1.65.4 DETERMINE the function of a given pin on an IC, given the IC's 
part ntmber* data sheet, package type and pin number, by 
selecting the correct statement from a choice of four. 100% 
accuracy is required. 

34.1.65.5 IDENTIFY the proper procedures for soldering. and replacing ICs 
by selecting the correct statement from a choice of four. 100% 
accuracy is required. 



BEFORE YOU STARtrTHIS LESSON, READ THE LESSON LEARNING OBJECTIVES AND PREVIEW 
THE LIST OF STUDY RESOURCES ON THE NEJ(T PAGE- 
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LIST OF STUDY RESOURCES 
LESSON 1 

I nt rnduction Tg tirear Integrated Circuits 



To locirn li^e materials in this lesson, you have the option of choosing, 
according to your experience and preferences, any or all of the following 
study resources : 

Written Lesson preseni^tion in: 

Module Booklet; ^ 

SumrTia ry 

Programmed Instruction 
Narrative 

Student's Guide: 
Summary 

Progress Check 
Addi ti onal Material (s) : 
None, 



Enrichment Material (s): 



Robert Hibbert, A Basic Course in Integrated Circuits (Cleveland: 
Penton Publishing Company, 1968-69), Lessons 1, f?, 3, 4, 9, 10, 12, 
13 and 14. 



YOU MAY USE ANY, OR ALL, RESOURCES LISTED ABOVE, AND ALSO THE LEARNING 
CENTER INSTRUCTOR. HOWEVER, ALL MATERIALS LISTED ARE NOT NECESSARILY REQUIRED 
TO ACHIEVE LESSON OBJECTIVES. THE PROGRESS CHECK MAY BE TAKEN AT ANY 
TIME. - ' 
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SUMMARY 
LESSON 1 

Introduction To Linear Inteyrcited Circuits 



Linear Integrated Circuits (linear IC*s} are devices that integrate (conbine) 
discrete (single) components into one package. 

Most linear IC*s are amplifiers. Their outputs will he proportioncil t.o^ 
their inputs* The internal - circuitry is complete with very few r(?gu7rct.l 
external components* Feedback networks, compensation networi.s, <3nd LC tanf.s 
are added where needed. 

The size of the IC is made up mostly of packaging materials; the actual 
circuit is a paper-thin wafer of silicon called the substrate (see Ficure 
1}^ 
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SUBSTRATE 



Figure 1 
KAGNIFIED VIEW OF AN IC CHIP 
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The circuit's components are forned by a diffusion process (forcing molecules 
of other Materials into the silicon). The completed circijit is called an 
"iC Chip'\ "^he IC chip is then mounted in a rugged package, like those shown 
in exploded views in Figure 2. 




Fi5ure 2 
VARIOi'S IC PACKAGES 
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The IC chip is soldered or cemented to a base and fine gold or aluminum 
wires are bonded to pads on the IC chip as shov/n in Figure 3. 



WIflS TO 
EXTERNAL PINS BONDING 
/ PAD 




SUBSTRATE ALUMINUM 

(NTERCONNECTrONS 



Figure 3 

IC LEAD BONDING 



The bonded wires are attached to the external pins, the cover is installed, 
and the IC package is t+ien hermetically sealed. A hermetic seal is a seal 
that will not allow air, dust, or moisture to pass. 

The result is a sinall, rugged device (see Figure 4). 




Fiqure A 
IC RELATIVE SIZL 
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Even though Tnstalled IC*s are very rugged devices, they may be damaged 
while being handled. One of the things that can destroy an IC circuit is 
the static electricity that builds up on your body: To prevent static 
electricity fron Odmaging the IC, ground yourself for a couple of seconds 
before handling tlie IC. An IC's slnpping v;rapper is nade of a material 
-os^r^-^d to protect the IC iron static electricity. Therefore, you should 
keep an IC in its shipping wrapper until yot: are ready to install it in 
a piece of eauipment. 

An IC nay be- moiinteci by soldering it onto a printed circuit board. The 
pads on the board should be spaced to accept the IC, but sometimes the 
IC leads do not line irp with the holes in the pads. When this problem 
occurs, yow must carefully bend the IC leads to make them line up properly. 
ToyJo this you should use two small needlenose pliers: one to support the 
IC's leads, the other to niake the bend (see Figure 5). 




Figure 5 
STRAIGHTENING IC LEADS 



Yoij ntjst be careful not to bend a lead where it inters the IC as you do 
not want to break the hermetic seal. If tins seal break, the IC circuit 
niglit eventually sliort out fron dust and moisture v;'iich could enter through 
the break. 

; ■ 
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Plug--in type IC's are attached to a printed circuit board by plugging ther.i 
into an IC socket (see Figure 6), 




[Hotch or cut off tortierl 



Figure 6 
IC SOCKETS 



To renove an IC from its socket, the equipnent must first be deener^Jzec!, 
Removal is acco;;ipl i shed through the use of an IC reniovi^l "tool called a TIP 
puller or package puller. If this tool is unavailable, grasp the IC between 
your thumb and forefinger and gently rock the IC out of the socket. 

To put an IC into a" socket, first make sure the pins line up with the socket's 
holes. If they don't, line up the leads by bending theni witf^ the tivo needle- 
nose pliers. Next, line up the reference mark on the IC {a nctch, dot, 
inpression^ hole, or tab) \nth the socket's reference mark (a notch or cut off 
corner). Then, with the TC ' s leads lined up with the socket's holes, end the 
equipment deenergized, hold the IC between your thumb and forefinger and 
gently rock it into place. 

One last handling precaution: Ee carfeul not to drop or strike'an IC; cither 
the herrnetic seal or one of the fine internal connecting wires i.iay bo broken. 
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ir's are l!^a^.uf^ctu^ed in various package shapes (see Figure 7). 




It^PlN CJAL-lN-L>^E PLASTIC 




16-PiN OUAL-(N-UNE CERAWlC 
PACKAGE ;D(Pi 




U-PIWFLfrT PACK 




10-PIN TO-S Caw 



Figure 7 
IC CASE STYLES 



Each IC has a reference r.iark. The dual -in-l ine package or DIP (both plastic 
and ceramic) and the flat.pacS: will have a notch, dot or impression on the 
package, when vieived frorf the top^ pin 1 vnU be the first pin in a count er- 
cloc>;wise direction directly next to the reference mark. Pin 1 may also 
be narked directly by a hole or notch in it or a tab on it (in this case pin 
1 is the counting reference). When viewed from the top, all other pins 
are n^rnbered consecutively in a counterclockwise direction from pin 1 (see 
Figure 8), 
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Figure 8 
IC PIN NUMBERING 
11 
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The TO-5 can has a tab-for the reference. When numbering the leads you 
_must view the TO-5 can from the bottom. Pin 1 will be the first pin in a 
c1 ockwi se direction from the tab. All other pins vnU be numbered consecutively 
in a clockwise direction from pin 1 (see Figure 9)* 




lOTTQti view gcttom view 



Figure 9 
IC PI^ NUhBERlMG 



The schematic symbol for a linear IC is a triangle (r-^ost couiuoiO or a roctdn^jVL\ 
as shown in Figure 10, 




Figure 10 
IC SCHEMATIC SYMBOLS 

The IC*s type number will be printed in the middle of the circuit symbol 
(lOlA, HE 561 E),' The pin numbers will be printed outside the schematic 
symbol. The (+) and (-) in the triangle or rectangle indicate a non-inverting 
input (+) and an inverting input These inputs plus the outputs and power ^ 

supply connections are the only pin functions that are identified. To find 
the function of the other pins you must use a data sheet- x_ ^ * 
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A data sheet may be just a schematic of the IC's internal circuitry with 
the pin functions labeled (see Figure 11). 




Figure 11 
LHOOOl SCHEKATIC DIAGRAM 



Tne date sheet nay also be a Manufacturer's Data Sheet as shov/n in Figure 
12 on the next page. This data sheet is for a type of linear IC called an 
o::^erational anpl i f ier . 
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miOl LK201 OPERATtOKAL AMPLIFER 



s 



FOR AMPLiFlERS. VOLTAGE COMPARATORS. LOW DRIFT 
SAMPLE-AND-HOLD 

Fe3tum 

• Low OH«tJ *rrtJ TemtMfJtuie Onft 



• Internal 30 pF CUfacftcK for ff»tTu«*»cy Comp*ni*tiOn 

• Of>*r«tt&n ffom iS to ;20 Volt Pow«t SupplK=t 

• Low Cujrent Drain, 1^6 rnA it ±20 Volti Typicit 

• Continuooi Short-Circuit Protection 



* No Liich Up Wh«n Comrnon Wo6« Rkn^i It Em 

* S^me Pfn Ccnf fgurctipn 709 Amplrf^ 

Deicnptioa 

The LH10ULH201 n i^TAb^e for «il 1erdb*ck configuntiont, 
even With c*P3ciUve loadt, with no entern^. oomC*ni*tion 
capaciiori. Low power dniip*iion pcrmitt votu^e 
op^fiTion *croiJ tl^* ^oH tempcj'Ature fArtpe 



PIN CONFIGURATIONS 





TOP Vi(** 

ORDER NUMaERS LKtOlK LH20U 
SE E PACKAGE 1 




Order LUMBERS, lhioif or lh?oif 

SEE PACKAGE 4 



SCHEMATIC DIAGRAM 




CtflTJ SiLiCONiX tFTOPo^rt*» 



OROER r^UMQERS LH101OOR LH2t)lD 
SEE PACKAGE 11 



TYPICAL APPLICATIONS 
F£T Opff*hOn*l Amplifier 

-O V* 




Integrator witti Btai Cuirent 
CompcntatiOn 




Reprinted by permission of Siliconix Incorporated. *tX - not connected 
internal ly \._ 



ERIC 



Figure 12 
IC DATA SHEET 
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Tne uanufactijrer * s data sheet will have either the pin configurations section, 
a schematic diagram, or both. 

The retjuired data sheets wil) be supplied vnth the equipment manuals. To 
selecL the correct data sheet for an IC, s^niply'natch the IC*s type number, 

r^ir*--' on the IC pacf^age or in the IC*s circuit symbol, to the data sheet's 
type nwnber (see Figure 13), 
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IC'S NUMBER 



Mk 50070 N 



mOSTEK 
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Reprinted by pennission of Mostek Corporation. 
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Figure 13 
IC DATA SHEET 
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The information covered in this lesson applies to all ICs. ICs require 
a little more care in handling' than transistors, but once installed in a 
circuit board they are very rugged and can operate for years without circuit 
failure. 

AT THIS POINT, YOU MAY TAKE THE LESSOR PROGRESS CHECK. IF YOU AfJSWEhi All 
SELF-TEST ITEMS CORRECTLY, PROCEED TO THE LESSON TEST. IF YOU INCORRECTLY 
ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE 
WILL REFER YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO THAT YOU 
CAN RESTUDY THE PARTS OF THIS LESSON YOU ARE HAVING DIFFICULTY WITH. IF 
YOU FEEL THAT YOU HAVE FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, 
SELECT AND USE ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS 
(IF APPLICABLE), OR CONSULTATIOH WITH THE LEARiUNG CENTER ■ INSTRUCTOR, UNTIL 
YOU CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 
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PRORRAMMbU INSTRUCTIUN 
LESSON 1 

Introduction to Linear Integrated Circuits 

TtST FRAMES ARE 3, H, 15, 18, AND 21. GO FIRST TO TEST FRAME 3 AND SEE 
IF YOU CA;^ answer the questions, follow the DIRECTIONS GIVEN AFTER THE ' 
TEST FRAME, 

T?) You mey have heard the term Integrated Circuit , or _IC, used before, 
especially if you have been shopping for a new stereo, television, or 
calculator. But* you may be thinking, *'Just what is an integrated circuit?*' 

llel i , an integrated circuit (IC) is a'device which integrates (combines) 
discrete (single) components {transistors, diodes, resistors, capacitors, 
etc.) into one single package, 

H if 

Most linear IC*s are amplifiers. The output signal will be proportional 
to the. input signal (the output Waveshape is an amplified, and sometimes 
inverted, version of the input waveshape), as shown in Figure K 

J" > 



r 




Figure 1 

INTEGRATED CIRCUIT 
{SCHEMATIC symbol) 
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VJith a sine wave applied to the input of a linear IC, the IC's output v/ill 
be a 

a. square wave * 

b. sine wave , 

c. sawtooth. 



K sine wave* 



2^ Linear IC'^ are widely used as amplifiers and osci 1 lator^ in electro^iic 
equipment. Some integrated circuitscpmbine these functions to fom ^n 
entire subsystem as shown in Figure 2. 



Basically, the linear IC is a complete circuit. With the exception of d 
snail number'of parts, all of the parts that make up the circuit will be 
contained within the IC package. The external components are for feedback 
networks^ compensation networks> and LC tanks (when needed)* Leaving 
these parts out of the IC package allows us to use the same IC for a 
number of different applications. There are some special purpose IC*s 




Tq^ ^MIXER-C6C 




AUDIO OUTPUT 



Figure 2 



AM RECEIVER INTEGRATED CIRC'JIT 
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which have all con^punents in one package* Thpse IC's require cnly inputs 
output and power connections* 
0''" IC could replace a 

a * Lransi stor . 

b* resisi^or. 

complete circuit containing Many component:. 

d* diode. 



c* complete circuit contalninc) many conc^^nentsT 
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3^ THIS IS A TEST FRAf^E, COKPLETE THE TEST QUESTIONS AND CCKPARE YOUk 
ANSWERS WITH THE CORRECT ANSWERS GIVEN AT THE TOP OF THE PAGE FOLLOWING 
THE TEST QUESTIONS, 

1* A linear Integrated circuit is a device that 

a, is manufactured with actual components and produces a squ;>re w^ve 
output from any signal applied to its input, 
is manufactured with discrete components and has an output that 
1s proportional to its input ,^ 

c, combines a complete circuit into one package and produces a 
square wave at Us otjtput - from any signal api^lied tn its mpu^. 

d. combines a complete circuit into one package and has ej\ Outi^ir, 
that i^.s proportional to its input, 

2, Whet coniponents are likely to be external to an IC? 

a, Diodes 

b. Resistors 
c^ Inductors 
d. Transistors 
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1. d., combines a complete circuit into one package and has an output 

that is proportional to its input. 

2. c. Inductors 

IF YOLJR ANSWERS KATCK THE CORRECT ANSWERS YOU MAY GO TO TEST FRAf-'.L 11. 

OTHERWISE GO BACK TO FRAME 1 A^D TAC.E THE PROGRAMMED SEQUENCE AGA:^) P.EFORE 
TAKING TEST FRAME 3 AGAIN. 



4^ If you could open up an IC, you might be slightly surprised to see 
what is inside. Instead of a bunch of miniature components, you would =ee 
a paper-thin wafer of silicon, called the substrate, whose size is dependent 
upon circuit complexity. Figure 3 shov/s a 23 transistor anplifier whicti 
measures .14 cm long and .14 cm wide. 





a 



ACTUAL SIZE 



1-7 BONDIHG PADS 




SUBSTRATE 



ALL COMPONENTS AND BONDING 
PADS DIFFUSED INTO SUBSTRATE 



5 



6 



Figure 3 



MAGNIFIED VIEW OF AN IC ClilP 
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The niater.i?^*5 that mske up the circuit's cofiiponents and the interconnections 
are fon:ied in the silicon v/afer by diffusion (forcing molecules of other 
□aterials into the silicon). The resulting circuit is called an IC 
Vhip^ 



No response required 



5^ The IC chip nust be mounter in a package that is easy to handle and 
ruggedized to protect the chip. Connections to various points in the 
chip's circuitry are also provided. Figure 4 shows three of these packages. 
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Jhe IC chip is first soldered or cemented to a base v/hich will hold it 
rigidly in place. Then, fine gold or aluninum wires {as fine as hur.^an 
hair) are bonded to pads on the substrate which are connected to the 
components {see Figure 5). 



EXTERNALPlNS SONOtNG 




SUBSTRATE ALUMINUM 

INTERCONNECTIONS 

Figure 5 

LEAD BONDING IN IC'S 



The wires that are bonded to the pads on the substrate are also attached 
to the external pins. After the coVer is installed, the package is 
hermetically sealed, A hermetic seal is a seal that vnll not allov; air, 
dust or moisture to pass. 
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The result :s a very snail and rugged package. See Figure 6. 




figure 5 

RELATIVE SIZE OF IC 
/ 

(1) The external pins on an IC package are connected to the pads on an IC chip 

with 

a. a printed circuit board. 

b, coaxial cable, 

c- very fine gold or alurnnum wires, 
d. standard insulated circuit hook-up wire,. 

it 

(2) The nackage the IC chip is mounted in nakes the IC package 

a. a rugged device.- 

b. hard to handle becausf^ of its large size. 
r 

c. a very fragile device, 

{3}To protect the IC chip from moisture and dust, the IC package has a 

a. substrate, 

b. hemetic seal . 

c. netal base . 

(1 ) very fine 90 Id or aiunnnum wires. 

(2) a. a rugged device. 

(3) b\ hernetic seal. \ 
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On days when the air is very dry (low humidity), you nay notice that 
it is easy to get a shock when you touch metal, especially after vjalkincj 
across carpeti-ng or getting up from a plastic or leather covered chair. 
This shock is caused by a charge that builds up on your body. Thn charge 
is shorted to ground through the metal you touch. This charge is chilled 
static electricity. 

The voltage potential of the charge that builds up on your body may 
reach as high as 1000 volts. This voltage potential is high enough to 
destroy an IC^s circuitry. To protect the IC fron the static charge, the 
IC is shipped in a special conductive wrapper. The shipping wrapper i& 
conductive *to keep all of the IC's leads at the sane potential. VJith all 
of the loads at the sanie potential the static electricity cannot discharge 
through the IC's circuitry. 

When handling and storing an IC, it ( is/i s not 1 necessary to keep the IC 
in. its shipping wrapper until you are ready to install it to protect it 
frm static electricity. 




So, how do you handle an IC to keep from damaging it with the static 
charge you nay have built up? By simply grounding yourself for a couple 
of seconds to allow any charge to drain off before you touch the IC. 

There are plenty of grounding placets all around ^u. Any bart^ metal 
surface that is grounded works very well. One excellent source is any 
bare metal on a piece of test equipment thdt is pluygyd in. 
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If you rennnber tu ground yourself befure you pick up an IC and after any 
large physical movements (such as standing up, sitting down, or walking), 
you will not have any problems with static electricity while you handle 
the IC. 

Before you pick up an IC that is not in its shipping v;rapper, you ( wil 1 / 
vfill not ) have to ground yourself to protect the IC from damage by static 
electricity. 



w1 11. 

3?) Most IC's are mounted on printed circuit boards and soldered in place. 
The pads on the boards are placed so that the IC may be mounted easily. 
However, you nay have to bend the IC*s leads a small arnount to align them, 
with the holes in the pads. To do this you must use tv/o small needlenose 
pliers; one to hold and support the lead, the other to make the bend. See 
Figure 7. 




Figure 7 
IC LEAD STRAIGHTENING 
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L 

You must be very careful, that you don't bend the lead where it enters the 
IC package as you may break the hermetic seal. 

An IC's leads should be bent with 

a. your fingers . 

b. two needlenose pliers. 

c. one needlenose pliers. 

The internal circuitry nay develop shorts when exposed to 

a. moi sture , 

b. dust. 

c. either moisture or dust* 



"^^ two needlenose pliers. 
c. either moisture or dust. 



(TJ) Not all IC's are soldered into place tin a printed circuit hoard; some 
are plugged into a special IC socket which is soldered into place on the 
printed circuit board. See Figure 8. 

MauRted in Socket 



(Kotcti at cut ofl cornerl 




TO-5 Socket 



Dip Socl^et 



Figure 8 
IC SO.CYSJS 
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To renove a:i IC from its socket you must f',^st make sure the equipment is 
deenerglzect or the IC nay be damaged when you renove it. Removal is 
acconplished through the use of an IC removal tool, most often called a 
DIP puller nr package puller. This tool is needed in order to handle the 
IC firmly and securely vnthout damaging it. In tho event an IC removal 
tool is unavailable, grasp the IC between your thjmb and forefinger and 
gently rock it out of its socket. 

To put an ICMnto a socket first makt: sure that the power is off. Next, 
line up the IC*s reference mark (a notch, hole, dot, or tab) with the 
sockets reference mark {a notch or cut off corner as shown in Figures). 
Then, holding the IC between your thumb and forefinger, gently rock the 
IC into the socket (you may have to bend some of the IC's leads to make 
then natch the socket's holes). 

(1) When installing or removing an IC from a piece of equipment, the equipment 
must be ( energi zed/deenergi zed ) . 

(2) Uhen an IC is removed from an IC socket you should 

a. gently rock it while lifting it out. 

b. pry it out with a small, flat bladed screwdriver. 

c. grasp it and pull it straight out without rocking it. 

' (3) The reference mark on an IC must be the socket's 

reference mark before the IC is plugged into the socket. 

a. at the opposite end from 

b. One pin in a clockwise direction from 

c. in 1 ine with 

29 , 
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(1') deenergized 

(2) a, gently rock it while lifting it out, 

( 3) c. I'n 1 ine wi th 

^10^ While handling an IC, you should he careful that you do not drop or 
strike the IC. The sudden jarrina impact could break the hemetic seal or 
one of the fine sold or aluminuni interconnectinn wires. If the IC v.-e^e 
dropped, it would be;easy to tell 4f one of the interconnRCting wires 
broke as the IC v/ould not work properly. However, if the herT?etic seal 
broke you wouldn't know it. The IC would v/ork properly, but its lif?^ 
expectancy (the amount of time a device is expected to cperatp) would be 
greatly, shortened. 

To prevent breaking an IC*s fine interconnecting wires or bernetic sea^ , 
you should not the IC. 

a. drop 

b. strike 

c. jar 

d. drop, strike or jar 



d. drop, strike or jar 
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^ THIS IS A TEST FRAKE. COMPLETE THE TEST OUESTlnHS AND COr'PARE YOUP 
ANSWERS WITH THE CnRRECT ANSWERS GIVEN AT THE TOP OF THE PAGE FnLLOkqMn 
THE TEST OUESTIONS. 

1. When handling an IC you should NOT 

a. bend the leads with two needlenose pliers. 

b. deenergi^e the equipnent in which you are replacing an IC. 

c. ground yourself before touching an IC. 

d. wiggle any of the IC's leads. 

?. IC's nay be nounted on printed circjit boards by 

a. soldering^ 

b. sockets. 

c. stand-offs. 

d. either soldering Or sockets. 
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1. d. wiggle ariy of the IC*s leads. 



2. d. either soldering or sockets. 



IF YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU MAY GO ON TO TEST FRAME 15- 
OTHERWISE GO BACK TO FRAME 4 AND TAKE THE PROGRAMMED SEQUENCE :;EFORE 
TAKING TEST FRAME II AGAIN. 

120 packages are manufactured in various shapes and sizes as shov/n in 



Figure 9. 





te-PiN DUAL.lW-ltWE PLASTIC 
PACKAGE lOlP] 



tE-PiN DUAL.IN-LIWE CERAMIC 
PACKAGE ^OiP) 



7W 



1*-P1N FLAT PACK 




10-PlW TO-5 CAN 



Figure 9 
PIN NUMBERING METHODS 



The pin numbering system for each of the packages is standard. 
The plastic and ceramic Dual-i n-1 ine Package (or DIP), will have a reference 
mark at one end. This reference mark will be eithar a dot (painted on or 
an impression), a notch or hole in pin number 1, or a notch in the end of 
the package. When the IC is viewed from the top, pin number 1 will be the 
first pin going in a counterclockwise direction next to the impression^ 
dot or notch. If there is no dot, notch, or hole, pin number 1 may be 
directly identified by a hole or notch in the lead itself. 
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Once pin number one is located, all other pins are nuoibered consecutively 
in a counterclockwise direction from pin 1, see Figure 10. 




TOP ViEW 



nr m m rn nn rn 




1* 13 » n 



9 S 7 6 5 



15 i6 17 ifl 



>g 20 21 22 ;3 '2* 



4 3 11 



25 26 2T 20 

"t:^ — C3: — □ — 



TOP VIEW 



LU liJ Ll£j lIL i^^l QJ? hTj 
TOP VIEW 

Figure 10 
PIP PVi NUMBERiriG 

V.'hen the HIP IC is vier/ed froo the bottom , the pins rnust be numbered going 
7n a (clockwise/counterclockwise) direction from the reference mark. 



ERLC 



clockwise 



:^ The flat pack IC nay havp any one of the reference marks used on the 
'.^rt, r^otch, inpiression, hole or notch in pin 1). There is also one 
r.'-c" ■'css'i^le rcfcrcnco narl . ^ Pin 1 nay have a tab on it (see Figure 
11). 




TAB 



TOP ViEW 



2 1 l*tJ 

3 2 

5 lO 



TOP VIEW 



Figure 11 
FLAT PACK IC NUMBEPIMG 
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As with, the DIP, v/hen viewed froni the top, pin nunber 1 on the flat 
pack is the first pin in a counterclockwise direction frnr the reference 
mark. Or pin number 1 nay be marked directly with a hole, notch, or tah. 
All other pins are numbered consecutively in a con'^=tercl ocK/^ se direction 
from pin 1. 

Which of the illustrations below shows the correci: n^ith to follnw when 
numbering the leads of a flat pack? 




f 




























' '• — 


^1 \^ 





Figure 12 




TOP Vltft 



c f 


r 














) 


. ^ ^ 1' ^ 
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TO-b t:'pe IC package locks like a transistor package (see Figure 13). 








10^5 CAN 

Figure 13 
TO-5 PIN NUr.BERING 

■--^t^cc thci 10 punber the leads, you view the can from the bottom. 

-iSu, the lab on the can is the reference and pinl will be the first pin 
a dockynse direction fror:i the tab. Lookina at the bottorj, all of the 
otKer :?ins are numbered consecutively in a clockwise direction from pin K 

■ of tne illustrations below shows the correct placement of pin 1 on 

lO-f; can {Ijottom view)? 




Figure 14 




BOtTOv v:Ew 



/ 
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^T) THIS IS A TFST FRAME, COKPLETE THE TEST QUESTION' AND COMPARE YOUR 
ANSWER WITH THE CORRECT ANSWER GIVEN AT THE TOP OF THE PAGE FOLLOWING THE 
TEST QUESTION. 

1. In which of the following sets of IC packages are the leads of all 
three packages numbered correctly? 




b. 



c . 



d. 




Figure 15 



i2 
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If" . * ■ I 



I?" O 1 I 



IF YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU MAY GO OM TO TEST FRAJ^'.E IB. 
OTHERWISE, GO BACK TO FRAME 12 AND TAKE THE PROGRAMMED SEOIJFMCL REFOPF 
TAKINH TEST FRAME 15 AGAIN. 

^16^ The linear IC is represented in a schenaliic by a trianr-le or rcctanrjlc 
(see Figure 16 ) . 

+ 18V 




O ^OUT 




Figure 16 
IC SCHEMATIC SYMBOLS 



The IC's type number is located in the middle of the triangle (101 A) or 
rectangle (HE 561 B). The pin numbers are outside the triangle or r^ ^tangle. 
The ( + ) and (-) in the triangle or rectangle indicate the non-invertir.vj 
input ( + ) and the inverting input (-). A signal applied to the ( + ) input 
will NOT be inverted at the output {the output will be in phase with the 
input). A signal applied to the (-) input wi 1 1 be inverted at the output 
(the output will be 180"" c . L^-of -phase with the input). 



40 



43 



P.I . Thirty Four-l 

The inputs are sometmes identified by (+) or (^), but the functions of 
the other pins Ray not be shown. To find out what each pin is used for, 
you nust refer to a data sheet. 

(1) which of the geometric shapes below represents a linear IC? 




f. a and c 
<1* b and e 

d and 

i- ^jt^.c, dande 

{2} The type number of the linear IC will be located ( inside/outside ) the 
IC*s schenatic symbol and the pin numbers will be located on the 
( insidfi/out 5i(je ) . 

(3) In thn circuit synhol for a linear IC, the inputs are 

a. labeled "invertinn input*' and "non- inverting input*'. 

b. pin 1 for inverting and pin 2 for non-inverting* 

c. ^ ( + ) for the non-inverting input and (-) for the inverting input; 

hoth ( + ) and {-) are located inside the circuit symbol, 
^. {-) for the non-inverting input and {+) for the Inverting input; 
both (-) and (+) are located outside the circuit symbol. 
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V 

(1 ) g, b and e 

(2) inside , outside 

(3) c, (+) for the non-inverting input and (-) ^'or the inverting input; 
both (+) and (-) are located inside the circuit symbol. 

17, Each type of IC will have its ov/n data sheet, Sometines the data 

sheet is sinply a schematic diagram with the pins shov/n as tomlndls and 

labeled as co their function (see Figure 17). 




Figure 17 
LH nnOl SCHEMATIC HIAGRA^^ 

Although some of the pins may not be labeled in the schenatic, the ^inpu's, 
outputs and pov/er connections are labeled. 

Another type of data sheet is the manufacturer's data sheets shown in 
Figure 18. This ii".^ sheet is -for a type of linear IC called an Opera- 
tional ampli fier. 



15 



42 



Thirty Four-l 



LillOl L}l20t OPERATIOKAL AMPUFEK 



FOR AMPLIFIERS. VOLTAGE COMPARATORS. LOW ORrFT 
SAMPLE-ANO-HOLD 

Featurftt 

# Low OHtuu «rKj T»aip«r«torc Orilt 



# No Liich Up WTw0 Common Mod* A«>f* li Ex< 

# Sam* Pin Cofvfivurvtkm *» 709 Amtfrftar 

Description 

Th* Lhl01/LH201 n it*bt* tor Alt te«db»ck CO«fn^ir»tK>nv 
• Low CutttnX Or*m. l.S mA «t iZO VoJu Typicil *v*n witfx C3pac*t(V* lo*di. wilh no tmernit C0m[»n»#tiOfT 

c^pacitori. Low pow«r di((tf>iTiOn pcrmitt hfgh vo(t*g« 
op^r^TiOn ictoii th« full t^mperitur^ rin^e. 



^ tntrfrul 30 pF Cjcudv for FttQOvncy Compenution 
# Ope^ATron Irom tS TO ^20 Voll Powvr Suppl^ci 



* ConTinuout Sh^-CrrcuiT Protection 



PIN CONFIGURATIONS 





bOM 

I duT*^JT I*1V(* 



7T^ V* 



QftDEA NUMeEpS LMTOlM OR LHlOlH OflDER NUmQERS LHlOlF OR LH20»f: ORDER Nl^MBERS^ LHlOlO OR LHlOlO 

s££ PACKAGE 1 See package a 



SeePACKAGE II 



SCHEMATIC OJAGRAM 



^ I9f* SlLlCONtX inc«rEH>rAt*« 



TYPiCAL APPLrCATrONS 
FET OperATion«t AoipJifr^r 




Int^^ator wiTh Bin Current 
Compcnulion 




Reprinted bv perr'ission of Siliconix Incorporated 
•NC - net ccnnected internally 

Figure 12 
:C P.f.TA SHEET 
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This type of data sheet will normally show the pin configurations v.'ith all 
pins labeled. If the pin configurations are not shov/n, there r.ay be a 
schematic diagram showing pin functions. Some data sheets give both pin 
configuration and schematic diagrams as is the case in Figure 19 - Figure 
19 illustrates another manufacturer's data sheet with all of the pin 
functions shown. - 



LVIS 



Amplifiers 



LHOOOr low power operational amplifier 
general description 

Th.H LHOOOT I* . QeiH^ai UjrllOU^ IHJ*- ■ Vh-.> . 

.nH>l>t>t*f lit-Xtty^fii tot r^I'i-nnfy Jp,*^ 4jiJirui'iLt .n 7^ 

2 IT\lH^■^i\\\ ^1 v., ' 1^ vOlK dHfl C b 4n>lLhb^.i11^ 
iFalurn 4rr 

• 00t<*1.0n from lO ?0V 

■ Vtrv low Ottyrt vult^ Tv[llC^IL> 700 jjV^ 



■ tXiiifui iiuy IT t r ih- 

■ Oiftl^-t .^ i..h,.1..,L ^l, 



schematic and connection diagrams 





Reprinted , by permission of Nationdl Semiconductor Corporjtiori. 

Figure 19 
IC DATA SHEET 



44 

47 



P.I. 



Thirty Four-l 



No response required. 



@ THIS IS A TEST FRAME. COMPLETE THE TEST QUESTIONS AND COMPARE YOUR 
ANSWERS WITH THE CORRECT ANSWERS GIVEN AT THE TOP OF THE PAGE FOLLOWIMG 
THE TEST QUESTIONS. 

REFER TO THE FIGURE BELDW TO ANSWER QUESTION 1. 
schematic and connect»on d»3grams 




1. 



(c) 197^ NATIONAL SEMICONDUCinR CORP. TRINTEO IN U.S. A* 

Figure 20 

The function of pin 4 i$ 

a. negative power (V-)* 

b. inverting input. 

c. non-inverti ng input , 

d. bias, 

REFER TO THE FIGURE ON THE FOLLOtaNG PAGE TO ANSWER QUESTIOr: 2. 
2. Pin 7 on the dual vn-l ££^^^^9^ t^^P^ 

a. the output. 

b. not connected internally- 

c. positive power (V+) in, 

d. , negative power (V-) in* 

4^ 
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mm U12D1 0PERAT1DIUL AMPUFCR 



( 



FOR AMPLIFIERS. VOLTAGE COMPARATORS, LOW DRIFT 
SAMPLE -ANO-HOLO 

Futum 

* L<w* DtfMti and Tmpcrvtur* Drift 



• ln»m*l 30 pF dpacitv for Frvqumry Comp^n n tioo 

• Oparviiofi from tS to ±20 Vott Fomr Supplm 

• L<w* Currvnl Dram, 1.8 mA *t ±20 Volti Typical 

• ConltiKMWi StKHi-^ircurt Prot«ct>oo 



• No Utdi Up Wh*n Common Mod* FUA«t U EMHdid 

• Sam* Ptn ConfigurvtkMh 709 AmplHkr 
D«*cription 

Tht LH101/LK201 i| i1*ble for all la*dback configuratiora, 
wen with capacitn^e toadi. with no «Kt«mtt companvation 
capacitor^. Low powtr diuipation parmtti high vottag^ 
opetMion acrpti ih« full tamptraturt rangt. 



PIN CONFIGURATIONS 






TV yiiv 



ORDER NUM0ERS IHIO^H OR OROEA NUMSEnS: LHlOIF OR tH30lf ORDER WUMftEfIt; LH|010 OH CHIOia 

SttfACKAQt 1 £EEpaC)£A<:^E4 SEC^ACKAOE 11 



SCHEMATIC OIAGRAM 




TYPICAL APPLICATIONS 
FtT Dparatk>nal Amplifiaf 




Inttirttor with B^ai Curr«nt 
, ComPmution 




Figure 21 

Reprinted by permission of Siliconix Incorporated 
*NC - not connected internally 
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1. b. inverting input. 

2. b. not connected internally. 

IF YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO TEST FRAKl 21 
OTHERWISE GO BACK TO FRAME 16 AND TAKE THE PROGRAMMED SEQUENCE BEFORE 
TAKING TEST. FRAME 18 AGAIN. 



Jl9^ Although the required manufacturer's IC data sheets or schenatics 
will be provided with the equipment manuals, you riust be able to select 
the correct data sheet foV a particular type of IC. To do this you simpl 
natch the IC type nurnber, which is printed on the IC packane or in the 
IC's circuit symbol, to the data sheet typG number as shov^n in Fioure ZZ. 
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CMOS Oscillator and Divider 



IC'S NUMBER 



W!K 50070 N 



mOSTEK 



FEATURES. 

4 18 Vol[ Opefcilinij fljn^t? 
1nTernd[ Zener ReottlOTiOn 
Inierridf OsCiU^JTOr 
DESCRIPTION: 

Ih^ MOSTHK 50070 CjfCurT rs af> OSC-MalOr 

and divKier Circuit lor speciittijeci appiicaiions 
An exiernjj qoafU crvsiai oeiermmes tne OS 

trequeocv by ^9^ S2 The Outdltt iS bulfereo 



MOTOR VOLTAGE WAVEFORM 



iPiM « bClhti/C to i>i>i e I 




All riOMI rM*IT*Il 



PIN CONNECTIONS 




(6 3 

15 P OSC OUT 
14 

12b 

II 

10 h 

9 



Pcnrinted by Demission of Nostek Corporation 
Figure 22 
IC DATA SHEET 
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How do you choose the correct data sheet to use with a particular IC (in 
your own words)? 



20^ Integrated circuits are becoming very common in modern electronic 
equipment. You will likely have the opportunity to replace one very early 
in your Navy career. Read over the list of general soldering precautions 
and handling considerations below to f ami 1 iarize yourself with'the proper 
procedures , 

a. Always keep the leads of the IC in contact with a conductive material, 
except when testing or operating the device so as to avoid static charge 
buil d-up, 

b. Ground the tips of soldering-irons, metal parts of fixtures and tools, 
and handling devices v;hen working with ICs, 

c. Deenergize power to circuits before attempting to insert or reniove 
IC's from then, 

d. Do not apply signals to IC devices while the power supply is off, 

e. ' Always use the smallest soldering iron wattage rating possible when 

soldering to IC's. v 

f. Never apply molten solder or heat to an IC lead or terminal for longer 
than 10 seconds, or to a point closer than i/16 inch fron the IC body, 

g. Always use a heat sink such as pliers, or alligator clip between the 
solder connection point and the IC body. 



By matching the data sheet type number to the IC type number (or words 
to that effect) . 




50 



52 



P.I 



Thirty Four-l 



The information we have covered in this lesson applies to all ICs. iCs 
require a little more care in handling than transistors, but when installed 
ir > circuit board, they are very rugged and can operate for many years 
without citcuit failure. 



Mo response required 



er|c 
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21/ THIS IS A TEST FRAME. COMPLETE THE TEST QUESTinNS AND COMPARE YQl'^ 
ANSWERS WITH THE CORRECT ANSWERS GIVEN AT THE TOP OF THE PAGE FOLLOWING 
THE TEST QUESTIONS. 

1. Data sheets for ICs are arranged in eouipment tech manuals according to 

a. manufacturer's name. 

b. IC type number. 

c. IC type name. 

d. pin configuration. 

2. To work on ICs, you should use a soldering iron thst has 

a(n) (grounded/ ungrounded) tip and the (l^rqest/snp.eriest) v^ettcge 
rating possible. 

3. When soldering an IC, a heat sink, such as Pners 

or (an alligator clip/a solder vnck) > should ( alwavs/ never) be used. 



0./ 
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1. b. IC type rHjmber. 

2; grounded, smallest 

3. an alligator clip, always 



IF YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU HAVE COMPLETED THE PROGRAMMED 
INSTRUCTION FOR LESSON 1, MODULE THIRTY FOUR. OTHERWISE GO BACK TO FRAME 19 
AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 21 AGAIN. 

AT THIS POINT, YOU HAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL 
SELF-TEST ITEMS CORRECTLY. PROCEED TO THE LESSON TEST. IF YOU INCORRECTLY 
ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE 
WILL REFER YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO THAT YOU 
CAN RESTUDY THE PARTS OF THIS LESSON YO'J ARE HAVING DIFFICULTY WITH. IF 
YOU FEEL THAT YOLTtlAVE FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, 
SELECT AND USE ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS 
(IF APPLICABLE), OR CONSULTATION WITH THE LEARKIIJG CENTER INSTRUCTOR," UrJIL 
YOU CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECi: CORRECTLY. 
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NARRATIVE 
LESSON 1 

Introduction To Linear Integrated Circuits 



So far, dl 1 the circuits you have experienced have been constructed with 
discrete (single) components. The components were either mounted on a 
printed circuit board or you made a circuit by breadboardi ng (plugging a 
pre-mounted component into a board to construct a temporary circuit). 
These circuits used transistors which were fairly small and, until the early 
1960's, were thought to be the ultimate in small size and efficiency, 
However, the aerospaca industry needed even smaller, lighter, and more 
rugged circuits that would use less power. In 1962 these needs were met 
with the introduction of the Linear Integrated Circuit, 

Linear Integrated Circuits (linear IC's) are devices that integrate (combine) 
discrete (single) components (transistors, resistors, capacitors, diodes, 
etc) into one single package. 

Most linear IC's are amplifiers. The output signal will be proportional to 
the input signal [the output waveshape is an amplified, and sometimes 
inverted, version of the input waveshape). 

The circuit inside the package is complete. The only additional components 
external to the IC are for feedback and compensation networks and LC tank*^ 
whenever they are required. These components are intentionally left out of 
the IC package to allow the same IC to be used for different applications. 
Also, inductors and large value capacitors are difficult to manufacture into 
IC circuitry so they are normally external to the IC, However, in some 
specialized applications, you may find that the IC was manufactured with 
all components internal to the IC package, thus requiring only input, 
output, and power connections. Physically, the IC is mostly packaging. 
The actual electronic circuitry is a paper-thin wafer of silicon, called 
the substrate, whose size is dependent upon circuit complexity. 
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Figure 1 shows a 23 transistor amplifier IC whose actual size is .K cn 
long and .14 cm wide. 



ACTUAL SIZE 



1-7 BONDING PADS 



kll CDMPDNENTS AND BDNDING 
PADS DIFFUSED INTD SUBSTRATE 




SUBSTRATE 



Figure 1 
MAGNIFIED VIEW OF AN IC CHIP 



The components are formed in the silicon by diffusion (forcing molecules n 
other materials into the silicon wafer). The resulting circuit is called 
an "IC Chip". 
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The IC chips are mounted in rugged packages as shown in Figure 2. 




Figure 2 
VARIOUS IC PACKAGES 

The IC chip is soldered or cemented to a base which will hold it rigidly in 

place. Then fine gold or aluminum wires 2.54 x 10^2 diameter (as 

fine as human hairj), are bonded to pads on the substrate which are connected 
to' the components/ as Figure 3 shows. 
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WiRE TO 
EXTERNAL PINS 



80N0ING 
PAD 




SUeSTRATH 



ALUMINUM 
INTERCONNECTIONS 



Figure 3 
BONDING LEADS 



The bonded wires in Figure 3 are attachec to the external pins and then tne 
cover is installed. The whole unit is then hermetiCdlly sealed. A hermetic 
seal is a seal which prevents the passage of air^ dust, or moisture. The 
result is a very small, rugged device (see Figure 4}* 




Figure ^ 
, REL^ATIVE. SIZL OF IC 
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Have you ever walked across a carpeted room or stood up from a chair and 
received an electrical shock when you touched something that was metal? 
The shock was caused by an electrical charge that your body picked up from 
/.^ carpet or chair. This charge is tailed static electricity. The 
voltage notential that builds up on your body may reach a potential of 
1000 volts. This static charge is high enough in potential to destroy an 
IC's Circuitry, For this reason you should not remove an IC from its 
shipping wrapper, which protects the IC from static electricity, until you 
are ready to install it. Then, ^before you touch the IC you should ground 
yourself for a few seconds (2 or 3 are- sufficient) by touching the carrying 
handles on a piece of test equipmert that is plugged in. In fact, any bare 
metal surface that is grounded will drain off the static charge from your 
body. Any movement you make will begin to build up the static charge on 
your body again, so do not carry the IC when it is out of its shipping 
wrapper. Remember to ground yourself again after any large movements such 
as standing up, sitting down or walking, 
I 

IC's are normally mounted on printed circuit boards and soldered in place. 
These printed circuit boards are nomally set up to mount an IC on without 
bending its leads. However, you may have a circuit board with mis-aligned 
mounting holes. In this case you will have to bfend the IC's leads to make 
them fit. To do this you must use two small needlenose pliers; one to hold 
the lead and the other to make the bend {see Figure 5), 




You must be very careful that you don't bend the lead where it enters the 
IC. package to avoid breaking the hermetic seaK If the seal is broken, 
dust and moisture may enter the IC and create shorts across the internal 
circui try. 
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Some IC's are not solctered into a printed circuit but are plugged into a 
special IC socket (see Figure 6). 



IC Mounted in Socket 




Reference Marks 
(Kotch or cut off cornerl 




Figure 6 
IC SOCKETS 



To remove the IC from^the socket, first make sure the equipment is deenerg- 

ized or you will damage the IC when you remove it. Removal is accomplished 

through the use of an IC removal tool, most often called a DIP puller or 

package puller. This tool is needed in order to handle the IC firmly and 

securely without damaging it. In the event an IC removal tool is unavailable 

grasp the IC between your thumb and forefinger and gently rock it out of 
its socket. 



nt is deenergized^ 
tab or hole) with 



To put an IC into a socket, first make sure the equipment 
Next, line up the reference mark on the IC (a notch, dot, tab or hole) wit 
tH^ socket's reference mark (a notch or cut off corner as shown in Figure 
6). Then grasp the IC between thurrib and forefinger and gently rock the IC 
into the socket. You may have to bend the leads slightly with the two 
needlenose pliers before the IC will go into the socket. 

One last handling precaution; do not drop or strike an IC, The sudden 
jarring impact may break the hermetic seal or one of the -''ine gold or 
aluminum interconnecting wires. 
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IC's are manufactured in various package shapes as shov^n in Figure 7. 




^S P\H OUAUiN^iNE PL^VSTlC IB^PIN DUAL-iN-LtNE CEftAMiC U^P^U FIAT PACK 1p-ptN TO-5 CAN 

PACKAGE iDiPi PAC>;aGE iOlP) 



Figure 7 
IC CASe STYLES 



The system of nunbering the i^^^ds for tliese packages is stanciarci for each 
package shape. 

V/i th the plastic ^nd cer^jmic Oual-In-line Package (DIP), one end will be 
marked with a painted or ijiipressi^d dot, a notch or hole in pin 1, or a notch 
in one end of the package. When viewed from the top, pin number 1 is the 
first pin yoing in a counterclockwise direction from, or directly next to, 
the impression, dot, or notch. 
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All other pins are numbered consecutively fron pin 1 in a counterclockwise 
direction (see Figure 8), 



S 7 


^ T T T T ^ 


' 4 


9 10 ^ 


»^ 11 13 13 tA J 


15 Iflj 




^ 1 ! C= ^ 1 1 ^ 

TOP VIEW 




m r 


an m m m m m 





^ ^ 1-^ t-^ ^ ^ 1— ' g^Y ^ ^ 

U a 13 n ng 5 5 7 ^ ^ 3 2 1 



"o — a — 3 — ^7" 



TOP mMh 



TOP VIEW 



Figure S 
DIP NUMBERING 



Notice that no matter how many pins the DIP has, the pins will be numbered 
consecutively, in a counterclockwise direction fron pin K 

The flat pack will have one end marked in the sane manner as the DIP (impres 
sfon, dot, notch, hole or notch in pin l), or one other possible marking: 
Pin 1 may have a tab on it. 
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As with the DIP, when viewed frOin the top the pins on the flat pack are 
numbered consecutively in a counterclockwise direction from the reference 
inart^ as shown in Figure 9* 



#1 

a 

3 



TCP V!E*f 



^1 



TAB 



1 

a 

11 

10 



TOP VIEW 



Figure 9 
FLAT PACK PIH NUMBERING 



The TO-5 can is basically a transistor package with more leads than the 
common transistor. It is a small metal can that has a tab for a reference 
mark. When viewed from the bottom , pin number 1 is the first pin in a 
clockVfise direction from the reference tab (the tab is located on the 
highest number pin) and all other pins are numbered consecutively in j 
clockwise direction from pin 1 as shown in Figure 10* 




TO-5 CAN 



Figure 10 
TO-5 PIN NUMBERING 
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In circuit schematics, the linear IC is normally represented by a triangle 
or rectangle^ as shown in Figure 11. 





AUDKD 
OUT 



Figure 11 
IC SCHEMATIC SYMBOLS 



The IC's type number will normally be printed in the center of the triangle 
(101 A) or rectangle (HE 561 B). The pin numbers will bo on the ou^tside of 
the triangle or rectangle. The (+) and (-) in the triangle or rect^angle 
indicate the noh-inverting input (+) arid the inverting input (-), A signal 
applied to the (+) input will not be inverted at the output. A signal 
applied to the (-) . i nput wil 1 be inverted at the output. While the inputs 
of an IC are sometimes identified by (+) or (-), the other leads are not. 
To find out the function of each pi/t^of an IC, you must refer to the IC's 
data sheet. 

The data sheet for an IC usually includes a separate schematic of its 
internal circuitry (see Figure 12). 




Figure 12 
LHOOOl SCHEMATIC DIAGRAM 
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The schematic of the IC will identify the inputs, outputs, and power 
connections* 

nfher information that may be on the manufacturer's data sheet U ^^^wn in 
higure 13 on the next page. This data sheet is for a type of ^:nidr IC 
called on Operational Ampl ifier, 
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UIIOI LK201 OPERATIOKAL AMPUFER 



FOR AMPLIFIERS, VOLTAGE COMPARATORS, LOW ORJFT 
SAMPL^-AND^HOLD 



• Optfition from =-5 i20 Volt Pow^r Supplk« 



# S*rn* Pm Cortf**uf*tk>n ■» 709 ATilJiii#r 
Descripiion 

The LH10WUH701 n ;ti:ble tor a^l »MOb#CJ( Con*igurit><y>r 
# Low Oifftnt Ofi*n. V8 mA *t tZQ ^'olti Typ*c*l evti wiTh cipact.ve Idudi. with no emterni^ ct:.TiE»nM!*on 

t*p*Cstofi. Uow to^' diiiiPJtiOft ptfiTttii high vom^ 



PiN CONFIGURATIONS 





OftOEft NUMBERS. LHIO^H OR LHlOlK ORDER NUMBERS LH t Ot F OR LHJOl e OrOER NUMBERS LHlOlO OA LH2CtD 
SEE PACKAGE 1 SEE PACKAGE * SE€PaCKAGE 11 
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Reprinted by permission of Siliconix Incorporated 
*NC - not connected internally 



Figure 13 
IC DATA SHECr 
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Some data sheets may show pin configurations, and others r^y show a 
schematic diagram. Still others may i;how both, 

Th^ -squired manufacturer's data j^eots or the IC's schematics^ will be 
pi^ovided in the equipment tGchin::ij rrianuaK To select the correct data 
sheet for an IC, first take the IC's type number from the IC*s circuit 
symbol or the top of the IC. Th^n match this number to the IC type number 
of the IC data sheet. Figure 14, on the next page, shows an, IC with its 
part number and its data sheet matched. 
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ICS NUMbER 



CMOS Oscillator and Divider 




FEATURES: 

Low Power OiSSioaWon 
4 10 Volt Operatinq R<>nQe 
^niernal Zen^r Repul^iTion 
IrJernal Oscillator 

DESCRIPTION: 

The WOSTEK 50070 Crrcuit ao oscillator 
and divrder Circuit for specialised applications. 
An ex:ernal quart: crvsul determmes the os 
ciHator treguencv ar^d the chiD divider this 
treauencv by 491J>2. The Output is buffered 
t>y ;t ^ IranSiStor bridge. 
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All uf the information we have covered in this lesson applies to every type 
of IC tnanufactured. An IC requires more care in handling than a transistor, 
biJl once installed in a circuit board, it is very rugged and can operate 
fnr many /ears without circuit failure. 

at this \\)uu, you may take the lesson progress check. if you answer all 
si^:lf-t[:st u::ms correctly, proceed to the lesson test, if you incorrectly 

ANSWER ONLY A FEW OF THE PROGRESS CHECn QUESTIONS, THE CORRECT ANSWER PAGE 
WILL REFER YOU TO THE APPROPRIATE PAGES, PARAGRAPHS , OR FRAMES SO THAT YOU 
CAN RESTUDY THE PARTS OF THIS LESSON YOU ARE! HAVING DIFFICULTY WITH. IF 
YOU FtEL THAT YOU HAVE FAILED TO UNDERSTAND ALL, OR MOST. OF THE LESSON, 
SELECT AND USE ANOTHER WRITTEN MEDIUM OR INSTRUCTION, AUDIO/VISUAL MATERIALS 
(IF APPLICABLE), OR CONSULTATION WITH THE LEARNING CENTER INSTRUCTOR, UNTIL 
VOU CAi; ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY 
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OVERVIEW 
LESSON 2 

IC Operational Amplifiers 

In this lesson you will learn about a very comnwn type of linear integrated 
circuit called an operational amplifier. You will study the characteristics 
of IC operational amplifiers including schematic symbol?, input-outputs, and 
typical circuit operation. You will learn some useful troubleshooting pro- 
cedures for repairing these devices. 

The learning objectives of this lesson are as follows: 

TERMINAL OBJEaiVE{S): 

34.2.66 When the student completes this lesson (s}he will be able to 

IDENTIFY basic functional characteristics of operational amplifiers 
to include using gain formulas to calculate the gain of inverting 
and non-inverting circuit configurations and listing correct 
troubleshooting methods, by selecting statements from a choice of 
four. 100% accuracy is required. 

ENABLING OBJEQIVES: 

When the student completes this lesson (s)he will be able to: 

IDENTIFY the functional characteristics of an IC operational 
amplifier by selecting the correct statement from a choice of four. 
100< accuracy is required. 

IDENTIFY inverting and non-inverting opamp circuit configurations, 
given schematic diagrams^ by selecting the correct name or diagram 
from a choice of four. 1002 accuracy is required. 

IDENTIFY the formulas used for computing output voltage in an IC 
operational amplifier by selecting the correct formula from a choice 
of four- . 100% accuracy is required. 

CALCULATE the gain of an operational amplifier circuit, given a 
schematic diagram and necessary circuit values, by selecting the 
correct gain value from a choice of four. 100% accuracy is 
required. 

IDENTIFY proper troubleshooting methods for a given IC opamp circuit 
by selecting the correct statement from a choice of four. 100%^ 
accuracy is required. 



BEFORE YOU START THIS LESSON, READ THE LESSON LEARNING OBJECTIVES AND PREVIEW 
THE LIST OF STUDY RESOURCES ON THE NEXT PAGE. 
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34.2.66.3 
34.2.66.4 

34.2.66.5 
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LIST OF STUDY RESOURCES 
LESSON 2 

IC Operational Amplifiers 



To learn the materials in this lesson, you have the option of choosing, according 
to your experience and preferences, any or all of the following study resources: 

Written Lesson presentation in: 

Module Booklet: 

Summary 

Prograirmed Instruction 
Narrative 

Student's Guide: 

Summary 

Progress Check 
Additional Material (s ) ; 
None 

Enrichment Material(s): 

Robert Hibberd, A Basic Course In Integrated Ci rcui ts , (Cleveland: 
Penton Publishing Company, 1968-6977 Lessons 1,2,3,4,9,10,12,13, and 14, 



YOU HAY USE ANY, OR ALL RESOURCES LISTED ABOVE, AND ALSO THE LEARNING CENTER 
INSTRUCTOR. HOWEVER, ALL MATERIALS LISTED ARE NOT NECESSARILY REQUIRED TO 
ACHIEVE LESSON OBJECTIVES. THE PROGRESS CHECK MAY BE TAKEN AT ANY TIME, 
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IC Operational Amplifiers 

An IC Operational Amplifier (opamp) is a class "A" amplifier which has two 
inputs and one output. One of the inputs will have the signal we wish to 
amplify applied to it. The other input will be connected to a resistor that 
will develop bias for the IC, The resulting output will be the input multiplied 
by the gain of the circuit. 

Various schematic symbols for an IC opamp are shown in Figure 1* 




Figure 1 
OPAMP SCHEMATIC SYMBOLS 
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IC opamps are used as either inverting or non-inverti ng. ampl if iers. Figure 2 
shows an inverting IC opamp amplifier circuit. 



-.06V 



50A 




+ 6VH 



OUT 



0 



Figure 2 
INVERTING OPAMP 



In Figure 2, Rl is the input resistor, R2 the bias resistor, Rf the feedback 
resistor and RL the load resistor. Figure 3 shows a non-inverting IC opamp 
amplifier circuit. 

AW- 

NEGATIVE FEEO&ACK 
, PATH 




IOOKA>Rl i 




-6VH 



* Figure 3 
NON-INVERTING OPAMP 



This circuit is the Sdme as the inverting amplifier circuit except that the 
Input and bias connections are reversed. Now the input resistor is R2 and the 
bias resistor is RK 
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Operational amplifiers have extremely high gain* Both the inverting and the 
non-inverting IC opamp arriplifier circuits use negative feedback to stabilize 
the output signal and prevent oscillation. The inverting amplifier has a 
feedback signal that is 180"^ out--of -phase with the input signal and, since 
both signals are applied to the same point, negative feedback is directly 
provided. See Figure 4, 




Figure 4 

iNVERTiriG IC OPAMP FEEDBACK PATH 



The non-inverting amplifier has a feedback signal that is in phase with the 

input signal which would indicate the use of positive feedback* However, the 

feedback signal is applied to the inverting input where it is inverted inside 
the IC, See Figure 5, 




Figure 5 



NON-INVERTING IC OPAMP FEEDBACK PATH 
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The feedback signal on the inverting input teminal {-} acts in opposition to 
the input signal on the non-inverting terminal (+). 

Since the inverted feedback is 180*^ out-of-phase with the input signal > 
negative feedback is being used. 

To measure the input signal you would use an oscilloscope. But> you must not 
measure the input signal on the input pin of the IC. 

With the inverting amplifier^ the negative feedback and the input signal are 
applied to the IC's input. Since the two signals are 180*" out-of-phase, the 
resultant signal is too small to measure. 

With the non-inverting amplifier, the input signal at the IC's input may be 
smaller than the actual input signal due to the voltage drop across the input 
resistor. 

Therefore you must measure the input signal to either amplifier (inverting or 
non-inverting) at the points indicated in Figure 6. 



MEASURE INPUT;SIGNAL 
HERE ' 




INVERTING OP AMP 



NON-INVERTING OPAHP 



Figure 6 



MEASURING OP AMP INPUT SIGNALS 
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In both the inverting and non-inverting amplifiers, the gain Is controlled by 
the ratio of Rfeedback to Rin or 



Gain cH ^feedback . 
^in 

The symbol "ii;" means "approximately equal to". This gain is approximate 
because there are other factors at an engineering level to take into considera- 
tion. However, the gain determined by this formula will be close enough to 
the actual amount for our purposes. 

Since the gain of an amplifier is the number of tinies the input signal is 
multiplied, p 

V - N» y feedback 

''out^^n 

/ in 

(NOTE: This fomula may-b:^used regardless of how the input is stated. I.e., 
peak-to-peak, peak, or RMS* However, the output must be stated in the same 
terms). 

The Vout formjla is a good troubleshooting aid. With it you can determine 
whether the output signal has the correct amplitude or hot. 

You cannot normally test the IC when the amplifier circuit has a bad output 
signal. However, you can check the supply voltages to the IC and the com- 
ponents external to the IC^ 

To check supply voltages to the IC, a VOM or VTVM may be used. The IC opamp 
requires both positive (+VCC or V+) and negative {-VCC or V-) voltages, most 
commonly between 6 volts and 18 volts. See Figures 4 and 5. The equipment 
manuals will indicate the correct voltages and the pin numbers where the 
voltages are appl ied. 

To check resistance of the external components, a VOM may be used. However, 
multiple current paths through the IC will cause false readings across the 
external components. Also, the IC can be damaged by the current from the 
meter ; therefore, the IC must be isolated from the components under test. 
If the IC is plugged into an IC socket, observing proper handling precautions, 
unplug the IC. If the IC is soldered into the circuit board, you must 
unsolder and lift out one lead of the component under test to isolate that 
component from the IC and other circuit components. Therefore, you should 
have some idea of the possible cause of a symptom to eliminate unnecessary 
soldering. 

To check the output signal of the IC, an oscilloscope is used. P'ace the 
oscilloscope probe on the output pin of the IC. The Vout formula will help 
you determine if the signal amplitude is correct. Remember, when you check 
the IC opamp amplifier circuit, you must first check the signal input, the DC 
voltage inputs, and all external components before considering the IC to be 
faulty. 
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IC handling precautions are identical with those for MOS devices and are shown 
in Fi gure 7. 

'NOTICE 

SPECTAI HAfJDLING OF MOS DEVICES 

The MOS metal oxide ^semiconduSo^^d^ices have a fairly high input resistance 
making them subject to damage from charges of static electricity through improper 
handling. The thin layer of oxide cin be damaged from discharges of static 
electricity or improper handling in ^ out of circuit. The damage may be apparent 
immediately or may show up only after a^^ort operrtting time. To avoid possible 
damage, the following procedures should be followed when handling or te^sting 
these devices. 

1. The use of synthetic clothing such as nylon should be avoided as this 

will generate static charges. Dry weather (relative humidity less than 30%) 
also tends to increase static buildup. 

2. Keep the leads of the device in contact with a conducting material or shorted, 
except when testing, inserting or removing from the circuit. 

3. A wrist strap with a megohm resistor in series tc common ground should 

be worn by the techn^ician when inserting, removing or testing MOS devices. 

4. Do not remove or insert an MOS device with the power to the ciicuit or test 
instrument **0N% 

5. Do not apply or inject test signals into the circuit when an MOS device is 
used with the circuit power "OFF". 

6. Do not turn the circuit power "ON" with an MOS device removed from th^i 
circuit. Charges can build up causing possible damage when the device is 
replaced in the circuit. 

7. Soldering iron tips, metal bench tops, test equipment and tools should be 
grounded to a common ground along with the chassis of the set being serviced. 

8. Soldering guns should not be used in MOS circuits; AC line leakage from the 
gun tip could cause damage to an MOS device. 

9. Do not apply heat for longer than 10 seconds or closer than 1/16 of an inch 
tx) any MOS device when soldering. Use of a heat sink is recommended to 
prevent damage to the advice. 



Figure 7 
IC HANDLING PRECAUTIONS 
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AT THIS POINT, YOU MAY TAKE THE LESSOF! PROGRESS CHECK. IF YOU ANSWER ALL 
SELF-TEST ITEMS CORRECTLY, YOU MAY TAKE THE LESSON TEST. IF YOU INCORRECTLY 
ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE 
WILL REFER YOU TO THE APPROPRIATE' PAGES, PARAGRAPHS, OR FRAMES SO THAT YOU CAN 
RESTUDY THE PARTS OF THIS LESSON YOU ARE .HAVING DIFFICULTY WITH. IF YOU FEEL 
THAT YOU HAVE FAILED TO UNDERSTAND ALL, OR MOST, OF T>1E LESSON, SELECT AND USE 
ANOTHER MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF APPLICABLE), OR 
CONSULTATION WITH THE LEARNING CENTER K^STRUCTOR, UNTIL YOU CAN ANSWER ALL 
SELF- TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 



So 
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PROGRAMMED INSTRUCTION 



LESSON 2 



IC Operational Amplifiers 

TEST FRAMES ARE 3, 7,14, AND 19, GO FIRST 'TO TEST FRAME 3 AND SEE IF YOU CAN 
ANSWER THE QUESTION(S), FOLLOW THE DIRECTIONS GIVEN AFTER THE TEST FRAME, 



W) There are many different types of linear ICs being manufactured. Up to this 
time, we have discussed information that is common to all types of linear 
IC's, Now we will discuss a specific tyoe of linear IC called gn Operational 
Ampl if ier (opamp;. The opamp is sim"ly a class "A" amplifier which has 
two inputs and one output. One input is used as a signal input. The other 
input has a resistor attached to it that develops bias for the IC opamp. 
The resultant output is the input voltage multiplied by the gain of the 
amplifier. 

If the gain of an amplifier is 5 and the input signal is A volt peak-to-peak, 
the output signal will be . 



0,5 volts peak^to-^peak , 
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Various schematic symbols for an IC opamp are shown in Figure 1- 




Figure 1 
OPAMP SCHEMATIC SYMBOLS 

As you may recall, the { + ) or* {-) at each input in F;gure 1 indicates 
whether the applied signal will or will not be inverted at the output. The , 
(-) indicates an inverting input. If the input signal is applied to the {-) 
input, the output will be 180'' out-of-phase with respect to the input. The 
(+} indicates a non-inverting input. If the input signal is applied to the 
(+) input, the output signal will be in-phase with respect to the signal. 

A sine wave input signal to an opamp terminal labeled (-) will be 

:\Q output terminal . 



inverted, or 180^ out-ot-phase 
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: iS IS A TEST FRAME. COMPlfTE THE TEST QUESTIOtfS AND THEN COMPARE YOUR 

ans;;ers with the correct answers GiVEri at the top of the next page. 

1. An integrated circuit operational apiplifier is basically a 



(Class A/Class B) amplifier with an (in-phase/out^of-phase/ 

in-phdse^ or out-of -phas output. 

2. Identify the terniinals on the IC schefirdtic syfrrbQl shown in Figure 2. 




Figure 2 

a. A=inverting input, B=outpLit5 C-non- i nvert i ng in^ut 

b. A=non- i nvert i no i nput , B= i nvert i ng i nput , C= output 

c. A=output, E= inverting ^nput, C=nOn- i nvert i ng input 

d. A=output, B= non-inverting input, C=inverting input 
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1. Class A, in-phsse or out-of-phase 

2. b. A-"non-inverting input, B=inve;Ling input, C=output 

IF YOUR ANSWERS MATCH THE CORRECT ANSWERS YOU MAY GO TO TEST FRAME 7. 
OTHERWISE. GO BACK TO FRAME 1 AND TAKE THE PROGR^M^'^D SEQUENCE BEFORE 
TAKING TEST FRAME 3 AGAIN. 
(4?) Now let's take a look at an IC opamp in a circuit. Look at Figure 3, 
bel ow. 



-.06 V 



I 




NEGATIVE FEEDBACK 
PATH 



+ 6VH 



OUT 



-6V^ 




Figure 3 

NON-INVERTING IC OPAMP AMPLIFIER 
Operdtiona] amplifiers have extremely high gain capabilities. Therefore it 
is often necessary to use negative {degenerative} feedback in the circuit to 
control^^tfffs gain and ensure a stable amplifier- As you study this non- 
inverting amplifier circuit, notice that the input signal is applied to the 
non-inverting input( + ), pin 5, through series input resistance RZ. The 
output signal is taken from pin 11, across load resistor RL, and Js an amplified, 
in-phase version of the inpu'.^ Rl is the bias resistor. 



34 



Thirty 



Resistor Rf is used to provide the negative feedback. Although the feedback 
appears positive (in^phase with the input signal)^ it has a negative effect 
becCJSe It 1s applied to the inverting input{-)5 pin 4, The opamp internallv 
inverts the phase of t'^ feedb^ick, making it act in opposition to the input 
si gnal • 

Operational amplifiers -'se negative feedback to control 



amplifier gain (or words to that effectj 
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(^5?) An IC opamp may also be connected as an inverting amplif^-^r (input signal 
applied to Inverting Input} as shown In Figure 4, 




Figui e 4 
INVERTING IC OPAMr AMPLIFIER 

Notice that the only change needed to make a nor*- 1 nvert 1 no amplifier circuit 
(Figure 3) into an Inverting amplifier circuit (Figure 4) is to reverse the 
ground and input connections, Rl now becomes the Input resistor and R2 the 
bias resistor, as shown i. Figure 4. 

Notice t,. 'he feedback is [}pl1ed to the (-) tennlnal for either circuit 
configuration. This will Ins that negative feedback 's Drovided, 
NejHive feedb...k will stabilize the amplifier's oi:tput and keep it from 
oscil lating. 
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Negative feedback in IC opamp circuits is aV 'vs applied to the 
(non-invert ing{+) /invert ing(-) ) input. 



inverting (-) 



SKA 




Figure 5 
OPAMP GAIN 

(^6^ i. jth inverting and non-inverting amplifier circuits. e gain of the 

amplifier is controlled by the ratio of the feedback resistance (Rf) to the 
input resistance (Rl or R2, depending upon which is used tor an input 
resistor). Stated as a formula, 

Gain c; ^ feedback ^ 

The ''i*' symbol means "approximately equal to". Thus gain is approximate 
because tUf^-^ are other factors at an engineering level to take into consider- 
ation. However, ;he gain determined by this formula will be close enough to 
the actual amount for our purposes. The formula applies to both the inverting 
and non-invertino amplifier. 
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For the circuit Sr :wn in Figure '^^ ^ tha gain of the amplifier would be 
computed as follows: 

Gain ^ '^feeaback = 6K - 5000 = 100 

R^^ W 50 

From the gain fonnula you can easily determine the voltage of the output 
signal. Since the gain is the number of times the signal is amplified, it 
is easy to see that the input voltage (V^^,) multiplied by the gain would 
tell you the output voltage (V^^j^). This stated as a formula would be 

Vout " f^^^n (Vin)* 

{NOTE: This formula may be used regardless of how the input is stated, i.e. 
peak-to-peak, or RHS. However, the output must be stated in the jme 
terms). Since we know that Gain - ^feedback for either amplifier configura 
tion, our formula becomes 



'^feedback' 



out in\ p. 



In Figure 5, V^ut = -OeV (100) = 6V. 



ss 
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In the amplifier shown in Figure 6 below, the gain is approximately 
and the output signal ( is/is not ) inverted. 



L5KA 




Figure 6 

a, 15, is not 

b, 15, IS 

c- 0.067, i s not 
d. 0,067, is 



b. 15, IS 
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THIS IS A TEST FRAME, COMPLETE. THE TEST QUESTIONS AND THEN COMPARE YOUR 
ANSWERS WITH THE CORRECT ANSWERS AT THE TOP OF THE PAGE FOLLOWING THE TEST 
FRAME. USE FIGURE 7. BELOW. TO ANSWER THE QUESTIONS. 




lOOKA>Ri_ X 



OUT 



Figure 7 



1. This schematic diagram is an example of c(an) 

non- i nverti ng ) opamp. 

2. The gain of the oparr. circuit is . 

a, 2000 

b, 200 

c, 100 

d, 10 

3*. With the input shown, the output would appear as 



( inverting/ 



a- +2Vl 




-20 Vh^ 



A 



C.+4V 




d. 440V 



-40V^ 
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1. non-inverting 

2. d. 10 




IF YOUR ANSWERS MATCH THE CORRECT ANSWERS YOU MAY GO TO TEST FRAME 14. OTHERWISE 
GO BACK TD FRAME 4 AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TES^ FRAME 7 
AGAIN. 
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(e) Being able to determine the output voltage of an IC opar ^an be a very 

helpful troubleshooting aid. especially if you have to determine whether or 
not the IC is operating properly. But first you have to f i id out what 
voltage is being applied at ihe input. 



Let's discuss the inverting opamp first. 

If you were lo take out your oscilloscope and check the signal at the input 
to the IC itself, you would find practically no signal (see Figure 8). 



HO MEASURABLE 
SIGNAL AT THE ICS INPUL 




OUT 



F iguTe 8 
MEASURING IC OPAMP SIGNALS 

Further checks shov/ a good input signal at point *'A'\ and an output s^ignal 
whose amplitude is correct (as determined by the V^^^ formula). 

The amplitude of the signal on the input in of an IC opamp ^s , 

a- very large 

b, equal to the input signal to the circuit 

c. very smaT 



c> very sm] 1 
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(9^ So why is this true? The reason for the small signal on the opanip input 
terminal ran be understood by looking at Figure 9. 




Figure 9 

INVERTING OPAMP FEEDBACK SIGNAL PATH 

The feedback and input signals are applied to the same point (pin - f the 
IC). Since the feedback signal is neci.Uive (180^ out-of-phase with the Ur^ut 
signal) the two signals at pin 4 act in phase opposition (oppose each- 
other) . 



.n o response required 
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(lO^ The net result of combining the input and feedback signals is shown in 
Figure 10. 



ORIGINAL INPUT SIGNAL (TO Rj) 
+ 

FEEDBACK SIGNAL tPlHll) 



RESUL"^ INPUT S GNAL (PIN 4) 



Figure 10 

RESULTANT INPUT SIGNAL 
INVERTING OPAMP 



The feedback and input signals are being applied t'' t)ie serne po^nt (pin 4 of 
the IC). Since we are using negative feedback (l;^0" oui* f-phase with the 
itiput signal), the resulting si'„ 1 at the IC's input is very small. 



y5 
94 
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The feedback signal ^adds to/subtracts from) the original input signal to an 
IC opamp. 



subtracts tronT 

IT) In factj the input signal applied to Pin 4 of the IC is so small that even 
the very sma]l loading effect cr your oscilloscope will make the signal 
almost undetectable. Therefore, you must leisure the input signal to the 
inverting circuit at the circuit's input {input side of the input resistor) 
as shown in Figure 11. 




Figure 11 
MEASURING INVER .i^Ci QPAMP SIGNALS 
When measuring Inverting opanrj input signals the oscilloscope probes shoiild - 

be placed on the input ter inal. 

a. IC 

circuit 



b. circuit 
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12^ Now let s look at the situation involved in mea^^uri' i non- i nvert ing opamp 
signals shown in Figure 12. 




Figure 12 
NON-INVERTING OPAMP SIGNALS 
■In the non-inverting amplifier, the input signal is applied through series 
resistor R2 'to input terminal 5* The feedback signal is still ed 
through feedback resistor Rf to terminal 4. Therefore, tne combining 
action of the InpiJt and feedback sinnals occur' within the IC itself. 

Non-inverting opamps combine input and feedback signals 

(outside/within) the IC. 

within 
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13^ Although the feedback signal does not externally subtract from the input 
signal 1n ncn- i nverting opamps, the input resistor may still cause a signal 
voltage drop. For this reason, the input signal to a non-inverting IC opomp 
should also be measured at the circuit's input as shown in Figure 13, 




Figiire 13 

MEASURING NON-INVERTING OPAMP SIGNALS 
The input signal to non-inverting opamps is measured at the 
a. IC input terminal s 
^ b. circuit input terminals 

b* - circuit input terminal s 

9a 
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I't) THIS IS A TEST FRAME. COMPLETE THE TEST QUESTIOHS AND THEN COMPARE YOUR 

ANSWERS WITH THE CORRECT ANSWERS GIVEN AT THE TOP OF THE PAGE FOLLOWING THE 
TEST FRAME, 



USE FIGURE 14 BELOW TO ANSWER QUESTIOHS 1 AND 2, 



+.4V- 



-.4Vi 



800A 





4=- o 



tOOKA>RL i 



OUT 



Figure 14 



The signal at point is smaller than the signal at point 

a, D, A 

b, A, B 

c, D, C 

d, B, A 

When measuring input signals to the opa-ip, the oscilloscope probe should 
be placed at point . 

a. A 

b. B 

c. C 

^' ^ DS 
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3. When measuring input signals in non-inverting opamps, the oscilloscope probe 

should be placed at the ^ 

a* IC Input terminal 

b. IC output terminal 

c. circuit input terminal 
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1. d. B,A 

2 a. A 

3. c. circuit input terminal 



IF YOUR ANSWERS MATCH THE CORRECT A^'SWERS YOU MAY GO TO TEST FRAME 19. 
OTHERWISE GO BACK TO FRAME 8 AND TAKt THE PROGRAMMED SEQUENCE BEFORE TAKING 
TEST FRAME 14 AGAIN. 

We have discussed the procedures for checking input signals to an IC. Now " 
let's look at some general IC troubleshooting procedures. Consider the IC 
operational amplifier chain shown in Figure 15. 



r 

^ IK 
INPUT >AAA. 

Rl 




OUTPUT 



Figure 15 
IC TROUBLESHOOTING 
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Generally, troubleshooting intergrated circuits follows a definite sequence 
of eveats. Tne first step to take in troubleshooting the equipment, after 
making obvious fuse and operational cnecks^ is to signal irace with the 
oscilloscope. In Figure 15, the oscilloscope would be used to check for 
proper signals at the input and output points. The amplitude of the signal 
at specific points may be specified in references. If not available there, 
the correct amplitude may be estinated using the formula: 

Av :^ f ^ 

By applying this formula to each stage in the circuit shown in Figure 15, 
the gain of each stag^ becomes ds follows: 

30k 20k 10k 
For ICi , Av ^ = 30; for IC2, Av = = 20; for IC3, Av = ^ = 10. 

Ik 

A faulty IC stage will be identified as having a good input signal (correct 
amplitude and shape) and an abnormal output signal (incorrect, amplitude or 
shape). 

The first step in troubleshooting IC opamp circuits is to isolate the faulty 
stage by signal tracing with an 



oscilloscope 
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ly Once the fauUy stage is isolated, the next step is to check DC supply 
voltaejes at the IC pins as shown in Figure 16. 




Figure ^16 
CHECKING IC DC SUPPLY VOLTAGES 

IC DC supply voltages range between 5 and 30 volts. IC opamps require a positive 
(Vcc or V+) and a negative (-Vcc or V-) power supply voltage to operate (see 
Figure 16). The circuit schematic will usually indicate the voltages and pin 
numbers where the voltages are applied. Although a digital voltmeter (DVM) is 
shown in Figure 16, other types of voltmeters may be used (VOM, VTVM, etc.). 

After isolating the faulty IC stage, the technician should then check, 
(AC/DC) supply voltages with a ( vol tmeter/ ammeter ) . 



DC, voltmeter 
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^17^ When the supply voltages to a faulty IC stage are normal, the failure is 
either in staae components external to the IC, or the IC itself. The next 
step the technician should take is to use the ohmmeter and make resistance 
checks. However, circuit precautions must be observed. Look at Figure 17, 




OUT 



iook/i>rl 



-V, 



cc 



Figure 17 
IC RESISTANCE MEASUREMENTS 

Technicians making resistance measurements in IC circuits must observe the 
following precautions: 

1. Placing an ohmmeter directly on or across the IC pins may damage the IC, 
and should be avoided. If socket mounted, the IC should be removed 
prior to resistance checks. 

2. Parallel resistance paths are^ usually found which must be taken into 
consideration. (Note the 50K ohm reading in Figure 17). 



iOS 
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3. Components may be isolated for mea<;urements by disconnecting one lead. 

If an ohmmeter is used to measure resistance in an IC circuit, the IC 
should be if possible. 



removed ^ 

If resistance checks on the external IC components are normal* the IC ir^ay be 
considered faulty and must be replaced. ^ Since many ICs contain metal oxide 
semiconductor (MOS) devices, the technician should observe all the handling 
^precautions for MOS devices listed in Lesson 4, Module 33. This list has 
been reprinted in Figure 18. Study it carefully. 
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NOTICE 

SPECIAL HANDLING OF MPS DEVICES 

The MOS metal oxide semiconductor devices h^e a fairly high input resistance 
making them subject to damage from charges of static electricity through improper 
handling. The thin layer of oxide can be damaged from discharges of static 
electricity or improper handling in or out of circuit. The damage may be apparent 
immediately or may show up only after <i short operating time. To avoid possible 
damage, the following procedures should be followed when handling or testing 
these devices. 

1. The use of synthetic clothing such as nylon should be avoided as this 

will generate static charges. Dry weather {relatwe humidity less than 30%) 
also tends to increase static buildup, 

2.. Keep the leads of- the device in contact with' a conducting material or shorted, 
except when testing, inserting or removing from the circuit. 

3. A wrist strap with a megohm resistor in series to common ground should 

be worn by the technician when inserting, removing or testing MOS devices. 

4. Do not remove or insert an MOS device with the power to the circuit or test 
instrument *'0N*'. 

5. Do not apply or inject test signals into the circuit when an MOS device is 
used with the circuit power *'OFF'*. - 

6. Do not turn the circuit power "ON'* wirh an MOS device removed from the 
circuit. Charges can'build up causing possible damage when the device is 
replaced in the circuit. 

7. Soldering iron tips^, metal bench tops, test equipment and tools should be 
grounded to a common ground along with the chassis of the set being serviced. 

8. Soldering guns should not be used in MOS circuits; AC line leakage from the 
gun tip could cause damage to an MOS device. 

9. Do not ^pply heat for longer than 10 seconds or closer than 1/16 of an inch 
to any MOS device when soldering. Use of a heat sink is recommended to 
prevent damage to th^ advice. , 



Figure IB 
IC HANDLIMG PRECAUTIONS 
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When replacing integrated circuits, the .technici an should unsolder the IC 
with a soldering iron. 

a. large wattage, grounded tip 

b. low wattage, ungrounded tip 

c. large wattage, ungrounded tip 

d. low wattage, grounded tip 

d. low wattage^ grounded' tip 
(fg) THIS IS A TEST FRAME. COMPLETE THE TEST QUESTIONS AND THEN COMPARE YOUR " 
ANSWERS WIXH THE CORRECT ANSWERS AT THE TOP OF THE PAGE FOLLOWING THE TEST 
FRAME. ' ^ ^ 

1. When troubleshooting electronic equipment which uses iCs, the faulty 

stage is identified as the one with a input and a 

output. 

a. good, good 

b. bad, good 

c. good, bad . , 

d. bad, bad 

2. IF the DC supply voltages to an IC are normal, you should then taJce 
(voltage/resistance) checks of cofnponents 



(internal/external} to the IC." 

a. voltage, internal 

b. resistance, external 

c. resistance, internal 

d. voltage, external 
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When making resistance measurements in IC circuits, you should be 

careful to (remove/replace) the IC and observe 

(paral lei /seri es)'* resistance paths. 

a. remove, series 

b. replace, series 

c. reolace, parallel 
d* remove, parallel 
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1. c. good, bad 

2. b. resistance, external 

3. d. remove, parallel 



IF YOUR ANSWERS HATCH THE CORRECT ANSWERS YOU HAVE COMPLETED THE PROGRAMMED 
INSTRUCTION FOR LESSON 2, MODULE THIRTY-FOUR. OTHERWISE GO BACK TO FRAME 15 
AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 19 AGAIN. 

AT THIS POINT, YOU MAY TAKE THE LESSOfs PROGRESS CHECK. IF YOU AHSWEr' ALL' SELF- 
TEST ITEMS CORRECTLY, YOU MAY TAKE THi: LESSON TEST. IF YOU INCORRECTLY ANSWER 
ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE WILL REFER 
YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTU3V THE 
PARTS OF THIS LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE 
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE ANO.THER WRITTEN 
MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF APPLICABLE), OR CONSULTATION 
WITH THE LEARNING CENTER INSTRUCTOR, UNTIL, YOU CAN ANSWER ALL SELr-lEST ITEMS 
ON THE PROGRESS CHECK CORRECTLY. ; 
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NARRATIVE 
LESSON 2 

IC Operational Amplifiers 



There are many different types of linear ICs being manufactured. Up to this 
timej we have discussed information that is common to all types of linear 
ICs. Now we will discuss a specific type of linear IC called an Operational 
Amp! if ier (opamp). The opamp is simply a class "A" amplifier which has two 
inputs and one output. One input will be used as a signal input. The other 
input will have a resistor attached to it that will develop bias for the IC 
opamp. The resultant output is the input voltage multipl ied .by the gain of 
the amplifier. Vari^ous schematic -symbols for an IC Opamp are shown in 
Figure I- 




\ Figure^ 1 
OPAMP SCHEMATIC SYMBOLS 
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As you may recall, the (+) or {-) at each input in Figure 1 indicates whether 
the applied signal will or will not be inverted at the output; Jhe (-) 
indicates an inverting input. If the input signal is applied to the {-) 
input* the output will be ISO** out-of-phase with respect to the input. The 
{^) indicates a non-inverting input. If the input signal is applied to the 
(+) input, the output signal will be in-phase with r^pect to the input 
signal. 

Now let's take a look at an IC opamp in a circuit^ See Figure ?. 



Operational amplifiers have very high gain. Negative feedback is -used to 
control this gain to usable levels and thus stabilize the amplifier. 

The IC opamp in Figure 2 is connected 'as a non-inverting amplifier (tlie 
input signal is applied to the non-inverting inpufthrough input resistor 



Feedback i& applied to the inverting input through Rf (the feedback resistor). 
Although the feedback appears to be positive (in-phase with the input signal), 
it i*: inverted by the (-) input, making it negative feedback. Rl is the bias 
resistor and RL is the load resistor. 



Rf 




Figure Z* 



NON-INVERTING IC OPAMP AHPLIFIER 



R2). 
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An IC opamp may also be connected as an Inverting amplifier (input signal 
applied to inverting Input) as shown In Figure 3. 




Figure 3 
INVERTING IC OPAMP AMPLIFIER 



Notice that the only change needed to make a non-inverting amplifier circuit 
(Figure 2) Into an inverting amplifier circuit (Figure 3) Is to reverse the 
ground and input connections. Rl now becomes the input resistor and R2 the 
bias resistor, as shown In Figure 3, 

Notice that the feedback is applied to the (-) terminal for either circuit 
configuration. This will insure that negative feedback is provided. Negative 
feedback will stabilize the amplifier's output and keep it from oscillating. 

In both circuits the gain of the amplifier is controlled by the ratio of the 
feedback resistance (Rf) to the input resistance (Rl or R2, depending upon 
which is used for an input resistor). Stated as a formula. 

Gain ^ ^feedback . 
•^in 

The " ** symbol means "approximately equal to". This gaih is approximate 
because t^ere are other factors at an engineering level to take into consider- 
ation. However, th^e gain determi ned' by this formula will be close enough, to 
the actual amount for our purposes. The formula applies to both the invert- 
ing and non-inverting amplifiers. 
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In the 'amp! ifiL/ in Figure 3 the gain is approximately 100 and the output 
signal is inverted. 

From the gain formula you can easily determine the voltage of the output 
signal. Since the gain is the number of time^ the signal is amplified, it 
is easy to see that the input voltage (Vin) multiplied by the gain would 
tell you the output voltage (Vout). This stated as a formula would be 

Vout cr Gain (Vin) or i: Gain, 

(NOTE: This formula may be used regardless of how the input is stated, 

i .e. J peak-to-peakj peak, or RMS. However, the output must be stated in the 

same terms). 

Since we know that Gain ^ Rfeedback for either amplifier configuration, 

Rin 

our formula becanes Vout — Vin (Rfeedback), 

Rin 

Using the data of Figure 3 we obtain 

' P . Vout ^ 12 Volts (p-p) ^ 
VTTT -.12 volts (J-pj ^ 



Gain d Rfeedback ^ 5K ohms ^ 
Rin - 50 ohms 

Being able to determine the output voltage of an IC opamp can be a very 
helpful troubleshooting aid; especially if you have to determine whether or 
not the IC is operating properly. But first you have to find out what 
voltage is being applie'd at the input, . 
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Lot.'s discuss ttif^ invcninfj opamp amplifier first. 

If you should take out your oscil loscope and check the signal at the input 
to the IC itself, you v/ould find practically no signal (see Figure 4). 

O 



NO MEASURABLE 
SIGNAL AT THE ICS INPUT. 

IN^ R| 




Figure 4 
MEASURING OPAMP INPUT 



Further checks show a good input signal at the circuit's input (input to the 
input resistor) and an output signal whose amplitude is correct"(as determined 
by the Vout formula using the input signal applied to Rin for Vin)* So what 
gives? Well, actually those indications were normal for an inverting IC 
opamp amplifier circuit. 
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To find out why these Indications are norinal, let's look at the feedback 
for the inverting amplifier in Figure 5* 




Figure 5 

NEGATIVE FEEDBACK INVERTING OPAMP 
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The feedback and input signals are being applied to the same point (pin 4 of 
the IC). Since we are using negative feedback (180° out-of-phase with the 
input signal), the resulting signal at the IC's input- is very small. See 
Figure 6. 



ORIGINAL INPUT SIGNAL (TO Ri) 



FEEDBACK SIGNAL (PIN II) 



RESULTANT INPUT SIGNAL (PIN 4) 




Figure 6 
OPAMP SIGNALS 
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In fact, the input signal applied to Pin 4 of the IC is so small that even 
the very small loading effect of your oscilloscope will make the signal 
almost undetectable. Therefore, you must measure the input signal to the 
inverting circuit at the circuit's input (input side of the input resistor) 
as shown \r\ Figure 7* 




Fi gure 7 

MEASURING INVERTING OPAMP INPUT SIGNAL 



118 I 

I ^ 

ERIC 



Narrative ^ Thirty Four-2 

The same does n ot hold true for the non-inverting amplifier shown in Figure 8. 




Figure 8 
FEED8ACK - NON-INVERTING OPAMP 



With the non-inverting amplifier, the feedback is not applied to the same 
point as the input signal. The feedback signal is inverted, forming the 
negative feedback inside the IC{see Figure 8)* The voltage drop across the 
input resistor may cause the signal at the IC: input to be smaller than the 
actual input signaK Therefore, you must measure the input signal to a 
non-inverting IC opainp amplifier at the circuit's input (see Figure 9}, 

Rf 

1 ^A^ , 




Figure 9 

MEASURING NON-INVERTING OPAMP INPUT SIGNAL 
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We have discussed using an oscilloscope for checking the input signal- But 
what other checks can y^u make and which test equipments may you use? 

The IC opamp requires a positive {+VCC or V+) and a negative (-VCC or V-} 
power supply voltage to operate (see Figure 10). The voltages are normally 
between 6 to 18 volts both positive and negative- The .circuit scheji^atic 
will indicate the voltages and, the pin numbers where the voltages are 
applied. To check these voltages a VOM or VTVH may be used. 

You must not measure resistance -of an IC; if you do, the meter's current can 
damage the IC. However, you can ineasure the resistance of the components 
external to the IC with an ohrmieter. See Figure 10. 




Figure 10 
TROUBLESHOOTING OPAMPS 



As you can see, there are five resistors in the circuit in Figure 10, If 
you make a resistance check across any of the resistors, you will be reading 
across the IC as well. The resistance reading would not only be incorrect, 
but the IC could be damaged. You must isolate the IC from the component 
under test. - 

If the IC is plugged into a socket, a resistance check of the- component* is 
simp^^. Observing the proper handling precautions, take the IC out the make 
your checks. 

If the IC is soldered in place, do not unsolder the IC. Inste^^d, unsolder 
and carefully lift one lead of each component you wish to check. This 
isolates the component from the circuit, protects the IC, and gives youan 
accurate reading of the component's value. One precaution you must observe: 
Do not unsolder and test more than one component at a time; if you do, you 
might solder a component back, in the wrong place-. 
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To check the output signal of an iC opamp, place your oscilloscope probe on 

Rf 

the ICs output pin. The Vout fonnula, Vout — Vin (^)» will help you 
determine if the amplitude of the output signal is correct. 

The IC itself cannot easily be checked. If the output signal is incorrect 
and the input signal, supply voltages, and circuit components check good, 
the IC may then be considered faulty and must be replaced. 

Finally, when replacing ICs, certain precautions must be observed. Since 
many ICs use metal-oxide semiconductor devices in them, the MOS chart from 
Lesson 3, Module 33 is reprinted below in Figure 11. 



121 

ItQ 



Narrative 



Thirty Four-2 



fjOTICE 

SPECIAL HANOLIfjG OF HQS DEVICES 

The MOS metal oxide semiconductor devices have a fairly high input resistance 
making them subject to damage from charges of static electricity through 
improper handling. The thin layer of oxide can be damaged from discharges 
of static electricity or improper handling in or out of circuit. The damage 
may be apparent inmediately or may srr>w up only after a short operating time. 
To avoid possible damage, the following "procedures should be followed when 
handlinq or testing these devices,^ 

1, The use of synthetic clothing such as nylon should be avoided as this will 
generate static charges. Dry weather (relative humidity less than 30%) 
also tends to increase static buildup. 

2, Keep the leads of the device in contact with b conducting material or 
shorted, except when testing, inserting or removing from the circuit. 

3, A wrist strap with a 1 megohm resistor in series to cpimion ground should 
be worn by the technician when inserting, removing or' testing MOS devices. 

4, Do not remove or insert an MOS device with the power to the circuit or 
test instrument "0N*\ 

5, Do not apply or inject test signals into the circuit when ^n MOS device is 
use:; with the circuit power "OFF'". 

6, Do not turn the circuit power "ON" with an M05 device removed from the ^ 
circuit. Charges can build up causing possible damage when the device is 
replaced in the circuit. 

7, Soldering iron tips, metal bench tops, test equipment and tools should be 
grounded to a common ground along with the chassis of the set being 
serviced, ^ ^ 

8, Soldering guns should not be. used in MOS circuits; AC line leakage from 
the gun tip could cause damage to an MOS device. 

9, Do not ^pply heat for longer than 10 seconds or closer than 1/16 of an 
inch to any MOS device when soldering. Use of a heat sink is recommended 
to prevent damage to the device. 



Figure 11 
IC HANDLING PROCEDURES 
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AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, IF YOU ANSWER ALL 
SELF-TEST ITEMS CORRECTLY, YOU MAY TAKE THE LESSON TEST. IF YOU INCORRECTLY' 
ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE 
WILL REFER YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO THAT YOU 
CAN RESTUDY THE PARTS OF THIS LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU 
FEEL THAfVOU HAVE FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT 
AND USE ANOTHER WRITTEN MEDIUM OR INSTRUCTION, AUDIO/VISUAL MATERIALS {IF 
APPLICABLE), OR CONSULTATION WITH THE LEARNING CENTER INSTRUCTOR, UNTIL YOU CAN 
ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY, 



